The results of long-term monitoring of the Galactic 22.2 GHz water masers associated with G25.65+1.05 using several telescopes are presented. We report a powerful double flare with peak flux densities of ∼60 and 130 kJy in 2017 September and 2017 November, respectively. We propose a linear relationship between the inverse of the square of the line width and the natural logarithm of the flux density of the flaring water maser feature. We infer from this that the flaring feature is unsaturated.
I N T RO D U C T I O N
The 22.2 GHz water masers in the Galactic source G25.65+1.05 were detected in 1989 March by Palla et al. (1991) who searched selected sources from the IRAS Point Source Catalog. The ultra compact H II (UCHII) region G25.65+1.05 was mapped by Kurtz, Churchwell & Wood (1994) and has an associated infrared source, IRAS 18316-0602. Methanol masers towards this source were detected by van der Walt, Gaylard & MacLeod (1995) associated with the UCHII region. In order to determine the spectral distribution of the radiation energy of G25.65+1.05, also was studied between 5 and 8 GHz by McCutcheon et al. (1991) , Kurtz & Hofner (2005) . Submillimeter observations in the wavelength range 450-1100 μm were completed by Jenness, Scott & Padman (1995) and McCutcheon et al. (1995) . This source also has reported 2.6 mm CO, CS, and NH3 line emission by McCutcheon et al. (1991) , Bronfman, Nyman & May (1996) , and Molinari et al. (1996) , respectively. Lekht et al. (2018) carried out an extensive monitoring campaign of the water masers associated with G25.65+1.05 from 2002 to early 2017 and identified strong flares in 2002, 2010, and 2016, with peak flux densities of 3.4, 19, and 46 kJy, respectively. Its original integrated flux density first observed in 1989 was F 22.2 ≈ 1000 Jy (Palla et al. 1991 ). Below we present recent water maser monitoring observations, and the analysis of two bursting events, associated with G25.65+1.05. The two bursting events that occurred in 2017 reached about 60 and 130 kJy, respectively, and the flares were confirmed by observations in Poland and South Africa. E-mail: volvach@meta.ua
O B S E RVAT I O N S
Water maser observations at 22 GHz on the 22-m Simeiz telescope (RT-22) were taken using a spectral-polarimetry radiometer with a parallel Fourier spectrum analyser with 512 and/or 2048 channels and a resolution of 8 and 2 kHz (0.105 and 0.03 km s −1 for the radial velocity in the H 2 O line), respectively (Nesterov et al. 2000) . These observations represent the continuation of the Lekht et al. (2018) observations. Confirmatory observations during the 2017/2018 flaring activity were completed at both the Hartebeesthoek Radio Astronomy Observatory (HartRAO), South Africa and Torun Observatory, Poland. The 26-m HartRAO antenna (RT-26) with a cryogenic radiometer was also used to monitor the flaring. HartRAO employs a 1024 channel spectrometer and employing a 8 MHz bandwidth filter, provided a velocity resolution of 0.105 km s −1 . In Torun a digital autocorrelator with 4096 channels provided a velocity resolution of about 0.03 km s −1 . Sensitivity of the radio telescope was 0.108 KJy −1 . We fit multiple Gaussian lines to each observation epoch for further data analysis.
R E S U LT S
The spectrum of the water masers associated with G25.65+1.05 taken during the peak of the initial flare in 2017 September is presented in Fig. 1(a) ; in (b) the more sensitive result from Polish observations is plotted to better present the weaker maser features.
We present the time series for the water maser feature at +42.8 km s −1 in Fig. 2 ; the feature began flaring in mid 2017 reaching a peak at about 60 kJy in 2017 September (Volvach et al. 2017a ). This is the fourth outburst of flaring activity in this source, the other three are presented in Lekht et al. (2018) . Unlike the previous bursts of flaring activity the feature first weakened then underwent a second burst of flaring activity reaching a peak of ∼120 kJy (twice as strong as the initial peak) in 2017 November (Volvach et al. 2017b ). The stronger secondary water maser flare was confirmed by observations in Poland and South Africa. Each of the flares reported here experienced a rapid rise and fall.
We fit multiple Gaussian profile lines to each water maser spectrum during the flaring phase reported here. Though each spectrum obtained for each epoch is complex, we were able to reasonably fit a single Gaussian line to the flaring feature at +42.8 km s −1 , in particular when its flux density was greater than 20 kJy. We plot these results in Fig. 3 ; we plotted the inverse of the square of the line width versus the natural logarithm of the flux density. There appears to be a linear relationship, below we present the best-fitting line to the data, 1 ( v) 2 = −2.19 + 0.34 × ln(F ).
(1)
D I S C U S S I O N
G25.65+1.05 is only the third bursting water maser discovered along with those associated with W49 and Orion KL. To produce such flares each exciting source must inject great amounts of energy. Zavagno et al. (2002) estimate this source is excited by a B1 star at the near distance of ∼3 kpc. We estimate the total bolometric luminosity of G25.65+1.05 to be equivalent to that produced by an O4 star, or a cluster of later-type high-mass stars, assuming the distance to the source is 12.5 kpc (Green & McClure-Griffiths 2011) . Both W49 and Orion KL are regions of massive star formation and it appears, at either the near or far kinematic distance, this third bursting maser is also associated with such a region. Goldreich & Kwan (1974) stated that unsaturated growth occurs while the line width of an astronomical maser 'decreases as the square root of the logarithm of the gain'. Their line width equation can be presented as:
where v is the line width, v 0 is the thermal line width, G is the maser gain, and F 0 is the input flux density entering the masing gas cloud. We can rewrite equation (1) as a linear function as:
L92 L. N. Volvach et al. where a = 1−ln(F 0 ) ( v 0 ) 2 and b = 1 ( v 0 ) 2 . As stated above we assume a linear relationship in Fig. 3 and give the best-fitting line in equation (1) for the flaring water maser features during the 2017 flares associated with G25.65+1.05. From equations (1) and (3) we estimate the values of v 0 ≈ 1.7 km s −1 , F 0 ≈ 1525 Jy, and G ≈ 4 assuming the peak maser flux of 120 kJy. Lekht et al. (2018) also reported a linear relationship for earlier water maser flares associated with G25.65+1.05. No such relationship is reported for W49N (Liljestrom & Gwinn 2000) during its flaring phase. Garay, Moran & Haschick (1989) also reported no relation between flux density and line width for the water maser burst in Orion KL during the flare in which the flux density rose to 1.35 MJy; they suggested the maser was saturated. Hirota et al. (2014) reported that the 2012 water maser flare associated with Orion KL that peaked at 125 kJy exhibited a relationship similar to that reported here for G25.65+1.05 and was unsaturated. They proposed these water masers saturate above 125 kJy to explain the non-relationship in the earlier larger flare.
The source W49N is 11.4 kpc away (Gwinn, Moran & Reid 1992) ; if this source were at the same distance as Orion KL, 437 pc (Hirota et al. 2007) , the peak of the water maser flare (∼40 kJy) would be ∼27 MJy. This suggests the saturation argument put forward by Hirota et al. (2014) for Orion KL also holds for W49N. This is not the case for G25.65+1.05; the estimated strength of the water maser flare reported here (130 kJy), even if only at the near distance of ∼3 kpc, would be ∼6 MJy if it were at the same distance as Orion KL. It is possible the water masers associated with G25.65+1.05, because they may be unsaturated (at least those maser features that are flaring), can reach even greater strengths.
C O N C L U S I O N S
We report the detection of the two strongest water maser flares ever detected towards G25.65+1.05 within three months of each other. The water maser feature at +42.8 km s −1 reached peak flux densities of ∼60 and 130 kJy in 2017 September and 2017 November, respectively. Quick response from observatories in Poland and South Africa confirmed the flaring event. The water maser feature at +42.8 km s −1 during these flares appears to be unsaturated based on the relationship between the flux density and line width. More observations, both interferometric and single-dish monitoring, are needed to better characterize such strong flaring events.
